Objectives: To quantify health service utilization including assessment, monitoring, and treatment of respiratory complications of children with neuromuscular disease (NMD), identifying practice variation and adherence to guideline recommendations at a population level.
6.5 visits every 3 years; 723 (4%) had in-hospital respiratory specialist consultation.
Pulmonary function testing was conducted in 3194 (18%) children on average 2.4 times every 3 years; sleep studies in 1389 (8%).
Conclusion:
In this population-based study of children with NMD, healthcare utilization for respiratory complications was considerable. Frequency of respiratory specialist consultation, monitoring of respiratory function and sleep disordered breathing was variable but on average reflected professional society recommendations. Children with NMD are frequent ED users suggesting a need to improve community and social supports. We did not detect reduced access to respiratory monitoring or specialist consultation in adolescents transitioning to adult services.
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| INTRODUCTION
Children with neuromuscular disorders (NMD) and their families incur significant direct and indirect healthcare utilization and costs including family caregiving though this varies based on the underlying diagnosis and disease progression, 1 though data specific to respiratory complications and across multiple disease variants are lacking. In a US hospital administrative database study of muscular dystrophy (MD), hospitalization rates and duration of hospital stay were substantially higher in the MD group compared with children without MD. 2 Similarly, Ouyang et al 3 reported greater utilization of outpatient and in-patient services and more prescriptions by children and young adults with MD. Given the era of novel therapeutics, 4 there is an imperative to generate better understanding of the current state of healthcare utilization for children with NMD to inform policy regarding allocation of services and funding.
Progression of respiratory muscle weakness and the timing of prescription for mechanical ventilation are highly variable among children with NMD. For example, in children with Duchenne muscular dystrophy (DMD) the need for ventilatory support occurs during adolescence 5 but for children with spinal muscular atrophy (SMA) type 1, significant respiratory insufficiency occurs around 6 months 6 although onset is delayed with children receiving Nusinersen. 4 Respiratory failure resulting from progressive respiratory muscle weakness, reduced lung volumes, impaired cough, aspiration, and pneumonia is the most frequent cause of death in children with NMD. 7 As recommended by professional society guidelines, [8] [9] [10] optimal assessment and monitoring of respiratory function in the outpatient setting enables early detection of progression of respiratory muscle weakness and prevention of unscheduled emergency department (ED) visits and hospital admissions.
We conducted a population-based cohort study using administrative databases to quantify health service utilization, including services used for assessment, monitoring, and treatment of respiratory complications associated with NMD. We hypothesized that for those children requiring specialized respiratory care, access to such services, and frequency of access would be variable. Secondary objectives were to determine: (1) factors associated with rates of ED presentation or hospital admission; and (2) healthcare utilization before and after transition from pediatric to adult healthcare services.
| METHODS
Using health administrative databases for Ontario, Canada held at the Institute for Clinical Evaluative Sciences (ICES), we conducted a retrospective population-based study (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) . Datasets contain anonymized health data for all Ontario residents, the most populous Canadian province, with a population of approximately 13 million.
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Costs of all medically necessary care are covered by universal public health insurance funded through general taxation.
| Data sources and population
We linked the following databases at the level of the individual through 
| Outcomes
To establish outcomes related to healthcare utilization, we followed 20 We compared healthcare utilization before and after transition from pediatric to adult healthcare services.
| Ethical considerations
We conducted our study according to a pre-specified protocol approved by the research ethics board at Sunnybrook Health Sciences
Centre and according to privacy regulations of ICES.
| Statistical analyses
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| Factors associated with ED Presentation or Hospital Admission
Our multivariable models indicate that children with diagnoses other than cerebral palsy or spina bifida had more ED visits and hospital admissions (P < 0.0001) as did the youngest age category (P < 0.0001) and poorest income quintile (P < 0.0001). Girls had more ED visits than boys but no difference in the frequency of hospital admissions. There was no association with frequency of hospital admission and home location, immigration status, ventilation requirement, asthma, cardiomyopathy or arrhythmia. Children living in rural locations, Canadian citizens, and those requiring ventilation had more frequent ED visits, as did children with asthma (Table 3) . (28.7) days (P = 0.03). There were no differences in frequency of pulmonologist consults, PFTs, or PSGs. We found no differences in the frequency or duration of health service utilization in the 1 year before and after transition (Table 4) .
| DISCUSSION
In this retrospective population-based study of children with NMD, we detected a substantial burden of healthcare utilization for respiratory was seen by a respiratory specialist in an outpatient setting. Children under respiratory specialist care were seen frequently (average every 6 months), however, substantial variation was noted. Only 2.4% children received mechanical ventilation (either invasive or non-invasive). Other healthcare utilization was common among the cohort, particularly ED visits with at least one visit a year on average and some children attending the ED multiple times a year. Following transition from pediatric to adult services, there was no change in utilization of respiratory related healthcare services or hospitalization rates.
In our cohort, although the overall proportion of children receiving specialist respiratory care was relatively low, children with diagnoses other than cerebral palsy and spina bifida had higher rates of respiratory specialist consultation and disease monitoring through PFTs and PSGs. For those children receiving respiratory specialist care, the frequency of outpatient clinic visits and lung function monitoring, was on average consistent with current guideline recommendations [8] [9] [10] ; however, as hypothesized we found substantial variability in terms of the frequency of visits and monitoring as demonstrated by the standard deviations reported in Table 2 . This is likely attributable to a combination of referral patterns, access, and disease progression, factors difficult to determine from health administrative databases.
Current guidelines recommend 6 monthly out-patient follow-up and PFTs annually in children with progressive disease. PSGs were conducted 1.4 times in 3 years, although again with substantial variability, which is slightly less frequent than the recommended annual assessment, 8 and again likely attributable to a combination of Our data indicate children with NMD are frequent users of the ED with only 15% never visiting the ED, and more than one visit each year on average for those children that did. As reported in studies of ED visits for other conditions, younger age was associated with recurrent ED visits. 24, 25 Recurrent ED use may reflect suboptimal access to community healthcare and supports, 26 lack of access to specialty care, lack of care integration, lack of respite, and inexperience of general practitioners with this disease. 27, 28 From our data, we can conclude that strategies are needed urgently to improve community and social supports for children with NMD and their families.
This study represents one of the largest cohorts reporting healthcare utilization of adolescents with NMD before and after transition from pediatric to adult healthcare services. The absence of a reduction in respiratory monitoring or specialist consultation suggests no change in access to, or accessibility of, these services. We did find an increase in all-cause, but not respiratory related ED presentations, and an increase in ED visit length likely reflective of prolonged ED wait times for adults in Canada. 29 Cohen et al also noted stable patterns of health care utilization after transfer from pediatric to adult care in a
Canadian population-based study of youth with chronic conditions. All values are medians (interquartile ranges). a n (%) of individuals that utilized these healthcare services in both the years preceding and the years following transition from paediatric to adult services. b Calculated for the 3 years prior to transition. 
